The establishment of an independent tropical cyclone (TC) position is suggested for the purpose of constructing TC best track data of the Korea Meteorological Administration. The best track process was designed with five basic stages: database, potential interval (PI), optimization, smoothing, and metadata. The PI was newly devised as a tool for expressing the uncertainty in the location of the center of the TC. This PI determined the minimum range at which the center of the TC can be adjusted and based on the analysis manual for each dataset used in the TC best tracking. Furthermore, the PI can be optimized by the differential application of the range depending on the reliability of the data. By smoothing all TC centers within the optimized PI, a best track can be produced more stably. Therefore, the analysis can be less subjective even when the determination of the TC center is difficult. For three typhoon cases that had affected Korea in 2013 (LEEPI, KONG-REY, and DANAS), best tracks were obtained based on the suggested analysis stages and verified. The results showed that the PI was relatively large in the early development and weakening stage of the TC or when the estimation of the TC center was difficult because of interactions with the land. And the best tracking was performed well with reasonable applicability.
Introduction
A tropical cyclone (TC) is a natural disaster that can lead to significant damage to property and life. TCs are responsible for the establishment of national disaster prevention measures and serve as an important research topic for understanding how global warming impacts weather conditions. Thus, high-accuracy TC data is necessary for securing policy and obtaining accurate research results.
Unprocessed real-time TC data has been provided to the public by the Korea Meteorological Administration (KMA). This data is provided along with the TC forecast in a timely manner to supply the latest information in a short timeframe for the safety of the public when the TC is active. This is especially appreciated when direct damage to the Korean Peninsula is expected. However, the available data is limited because the analysis is rapidly performed, which may induce error and uncertainty in the analysis due to insufficient examination. Hence, the unreliability of the data has forced experts to utilize the data from other agencies.
Postanalysis is performed following the storm to validate and determine the uncertainties of the real-time analyzed data. The renewed data is referred to as "best track." Major agencies such as the Regional Specialized Meteorological Centers (RSMCs) and the Tropical Cyclone Warning Centers (TCWCs) have already performed the International Best Track Archive for Climate Stewardship (IBTrACS) project for the purpose of climate management [1] . The largest number of agencies in the western North Pacific region, which include the Joint Typhoon Warning Center (JTWC), RSMCTokyo, Shanghai Typhoon Institute of China Meteorological Administration, and Hong Kong Observatory, has produced their own best tracks.
The production of a best track is challenging and requires high-level observation techniques and analytical skills. A TC spends most of its life on the sea, and it is usually formed in the deep tropical latitudes and travels a long distance to the midlatitudes. The diameter of the eye can range from several km to dozens of km, and thus precise detection should be possible regardless of time and space. Nowadays, observation 2 Advances in Meteorology networks are rapidly developed, so that the weather in a small town on the opposite side of the Earth can be known. Direct weather observations over the ocean are difficult, but various remote observation techniques (e.g., satellite, aircraft, and radar) are filling this gap.
Nevertheless, in some cases, the best tracks of each agency exhibit considerable differences. Martin and Gray [2] found that the largest 10% of the position differences between JTWC and RSMC-Tokyo during 1988-1998 are greater than 107 km. They also investigated TC position differences between aircraft and satellite (greater than 93 km in upper 10%) and between multiple satellites (greater than 110 km in upper 10%) and showed that differences can occur depending on the data used. Chang et al. [3] found that the mean position difference determined by different agencies is smaller than 35 km. However, the maximum difference of each typhoon is 72-114 km on average, with the largest being 272.1 km for 11 typhoon cases during 2010-2012. These TC position ambiguities are due to the analysis method and data used by each agency and the subjective judgment of the analyst [4] . Furthermore, when the TC intensity is weaker, the differences increase [3, 5] . Therefore, for the "best track," the purpose is to minimize the uncertainty of the initial analysis so that it can be close to a true value, rather than obtaining the true value.
In this study, a systematic method is proposed so that the uncertainty of the TC position can be expressed and reduced, and postanalysis can be reliably and reproducibly performed. For this purpose, the postanalysis of the typhoon cases that affected the Korean Peninsula in 2013 (LEEPI, KONG-REY, and DANAS) was performed as a pilot study for the design of best track production system, and the suggested best tracking method was verified by comparing with results.
In Section 2, the postanalysis data and the analysis manual for each data are introduced. In Section 3, the uncertainty of the TC position and a method for expressing it are suggested, and a basic process for postanalysis is organized. In Section 4, analysis examples for each actual data are presented based on the manual introduced in Section 2. In Section 5, the postanalysis method is verified by comparing the best tracks of the 2013 Typhoons LEEPI, KONG-REY, and DANAS with the best tracks from JTWC and RSMC. Lastly, in Section 6, the contents of this study are summarized, and a detailed flowchart for the determination of a best track is drawn.
Data and Methodology

2.1.
Data. This study proposes a method for TC center positioning and experimentally produces six-hour interval best tracks for the three typhoon cases that affected Korea in 2013. The postanalysis period was initiated starting one day (24 hours) before naming as a tropical storm to when the storm had weakened to a tropical depression or extratropical transition. The times ranged from 00 UTC on 17 June to 00 UTC on 21 June for Typhoon LEEPI, 06 UTC on 25 August to 06 UTC on 30 August for Typhoon KONG-REY, and 06 UTC on 3 October to 00 UTC on 9 October for Typhoon DANAS. Table 1 summarizes the data used for positioning the center of the TC. To verify the estimated best tracks and compare with other agencies, the KMA's real-time TC analysis data and the best tracks provided from RSMC-Tokyo and JTWC during the period of the activity of the same three typhoons were used.
Analysis Method for Each Dataset.
It is important to understand the characteristics of the data and to analyze them accordingly, because the accuracy of the analysis is influenced by the quality of the data and the analytical skill. Analysts can acquire the surface wind and pressure around the estimated location of the TC center using in situ and remote sensors. The in situ observation network including ships and buoys makes surface measurements at specific locations and times. However, remote observations, such as satellite and radar images, are based on almost continuous snapshots taken from the air. To analyze a TC, which spends most of its life on the ocean, remote observations are used. However, this could induce a significant difference between the derived position of the TC center and its actual position on the ground. Therefore, analysis methods for each data need to be known before the postanalysis.
The collected data introduced in Table 1 can be broadly classified into fixed data (latitude and longitude of the position of the TC center determined by each agency or model), visible/infrared images, microwave images (including ocean surface wind products derived from scatterometers), radar images, and surface observation data. TC centers related to different data, except fixed data, can be analyzed by using an analysis manual for existing satellite images, radar images, synoptic data, and so forth. Table 2 summarizes the manual of each data that was used in the TC position analysis. For the sea surface wind data, the position of wind convergence (center of the rotation) was determined as the potential location of the TC eye. However, when using this data, the accuracy of the estimation is low when the intensity is weak, and thus it should reflect the location of the TC center through comparison with other satellite images. For the surface observation data on land, the spatial distribution and the lowest/highest values of sea level pressure, and the maximum wind speed are expressed, and thus these can be used.
Postanalysis Method
Uncertainty of the TC Analysis.
To enhance the quality of the best track, utilizing most of the available data is necessary. However, as the spread in the different datasets increases, there could be more uncertainty in determining the location of the TC center. Therefore, even if we use as much data as possible, we cannot calculate the best track that is identical to the actual typhoon location and uncertainty in analysis is inevitable. At the RSMC, Dvorak analysis using satellite images is reviewed in consideration of all of the stages of TC, from genesis to dissipation, and the estimated TC center is supplemented using additional data [6, 7] . The final best track is determined by examining the consistency using a weather map [8] , and the uncertainty of the analysis is not expressed.
At the JTWC or National Hurricane Center (NHC), which produces a best track using the Automated Tropical Cyclone Forecasting (ATCF (Automated Tropical Cyclone [13] (ii) The location of the center of a typhoon from the satellite cloud images [14] Microwave images (i) Tropical cyclone analysis method using microwave satellite Images [15] Radar images (i) Radar-based typhoon tracking and monitoring [16] (ii) Positioning method of a tropical cyclone center introduced by Wood [17] and Lee et al. [18] Synoptic surface observations (i) Typhoon Committee Operational Manual [19] Forecasting) User Manual [Downloaded at http://www.nrlmry.navy.mil/atcf web/docs/html/ATCF UM Section2.html]) system, the time interpolation is performed using the fixed data determined by a number of sensors and agencies, and a best track is determined by subjective smoothing of this result. Thus, the best track may not be accurate when some data is not received or contradicted. Accordingly, the inconsistency in the actual location of the TC is reduced using the method that provides more weighting of the data with high reliability [9, 10] . While qualitative, the uncertainty of a best track is expressed as poor, fair, or good depending on the type and source of data. Recently, several studies attempted to determine the center of TC objectively and to automate the process through the development of algorithms. But it was only applied to satellite imagery [11, 12] .
In general, the TC center is a low level circulation center (LLCC) that is founded in the tropical convection zone. This is because a TC is a short cyclone that is rooted in the lower atmosphere and develops vertically. Therefore, how well the low level circulation appears in the data is an important component of the analysis. The temporal and spatial resolutions of the data are also important because the TC structure can be more clearly analyzed when observation networks are dense, and the change in the structure can be promptly detected when data are frequently received. Finally, the quality of a best track is dependent on the observation altitude and the temporal/spatial resolution. Figure 1 shows the reliability and coverage of each data based on the aforementioned elements. Considering that the reliability of the data increases when the resolution is high and the frequency of the data acquisition is high, the reliability is on the order of the domestic surface observation (including the AWS of Korea, China, and Japan), aircraft observation, synoptic observation, radar images, scatterometers, microwave images, and visible/infrared images (from highest to lowest). The synoptic observation includes the surface observation data from the Regional Basic Synoptic Network (RBSN) in the western North Pacific basin received via telegram through the Global Telecommunication System (GTS) and ship and buoy data. These data have a relatively low level of confidence due to the observational error caused by a typhoon or due to coarse spatial resolution. Thus, this data was separated from the domestic surface observation. Finally, the uncertainty of the analysis is closely related to the reliability of data. When the data is precise, the uncertainty generally decreases, and the measurement range also becomes apparent. In this regard, the uncertain range, defined as the TC center for each data, was defined as a potential interval (PI), and the minimum uncertain range was defined as an optimal PI. Subsequently, the PIs of different data (A, B, and C) are assumed to be overlapped, as shown in Figure 2 .
If the reliability of the data is in the order of A > B > C, Figure 2 (a) shows an ideal optimization result where the TC eye is clear or the accuracy of the data is high. In contrast, Figure 2 (b) shows a rare case in which the PI of Data B with relatively low reliability is smaller than that of Data A. Figures 2(c) and 2(d) show cases in which the PIs for each data are diverse and the TC eye is not clear. In the situation where various uncertainties are combined, the optimal PI can be described as the intersection of the PIs as shown in the shaded area [20, 21] .
The optimal PI is ultimately a region in which the TC center is located with the highest probability. To optimize, the PI needs to be narrowed down in the direction of highest probability. Accordingly, data are analyzed from the one with low reliability to the one with high reliability, and there is a premise that the PI of high-level data should be smaller than that of low level data. Consequently, the contradictory case as shown in Figure 2 (b) is excluded. When measurement of the highest ranked PI is impossible, the optimization is performed utilizing the second highest ranked PI. For the cases shown in Figures 2(a) , 2(c), and 2(d), the range that the PI of the higher rank data occupies in the optimal PI is wider, and thus there are weighting effects.
The optimal PIs obtained from each analysis period based on the aforementioned method provide the boundary conditions for stable smoothing, and the best track is within the optimal PI as shown in Figure 3 . The circle and "X" represent the PI for each data and the estimated location of the TC center, respectively; and the shaded area and "•" represent the derived PI and the location of the TC center. This study measures the unclear range of data using the PI and quantitatively expresses the uncertainty of the analysis through optimization.
Basic Stages of the Postanalysis.
The institutions that produce the best tracks (e.g., RSMCs, CMA, JTWC, and HKO) have their own analysis procedure, but they undergo a similar process of data collection, postanalysis (after the TC season), and analysis result storage (ATCF User Manual, Figure 7 from [22] ). In this study, a postanalysis process with the following five stages was designed based on the analysis method mentioned in Section 3.1 and by including the aforementioned common parts.
Stage 1 (database). Observation data is collected and stored in a database for the postanalysis.
Stage 2 (potential interval). The PI that is estimated to be the location of the TC center is analyzed for each dataset. The PI should be narrowed down depending on the reliability of the data.
Stage 3 (optimization). The optimal PI is determined, and the determined center position values are expressed together.
Stage 4 (smoothing)
. Smoothing provides the most natural track for the entire path within the optimal PI.
Stage 5 (metadata). The final best track file and the basic data used for the postanalysis are stored in the database. Table 1 , the PI cannot be obtained because the TC center position has already been determined. However, this data is derived from various reliable methods (e.g., ADT, DVTS, and SATC) and still valuable. However, in this case, each data exhibits different reliabilities, and thus, it is different from the PI introduced earlier. Therefore, the region including the entire fixed data is defined as the valid interval, implying a range in which the analysis is possible. Figure 4 shows an example of the entire fixed data received via telegram around 00 UTC, June 19, 2013 , during the period of the activity of Typhoon LEEPI, and the circle including this represents the valid interval. 
Postanalysis
Determination of a Valid Interval. For the fixed data in
Visible/Infrared
Image Analysis. Visible/infrared images are the least limited by time and space; and in the case of COMS images, data can be received every 15 minutes. For the postanalysis using visible/infrared images, the TC center estimation method in the "work-site operation manual using satellite images (2013)" made by KMA was used [13] . The estimation of the PI using visible/infrared images is divided by the Dvorak method depending on the cloud type, and it is performed in the order of (1) the cloud type selection, (2) the center position analysis, and (3) the PI analysis. However, the Dvorak method is estimated based on a single cloud photograph, rather than direct observation, and finding an LLCC through the animated images should be performed together. In particular, when there is CDO (Central Dense Overcast), shear pattern, or a number of convection cells, the reliability of the Dvorak method is low, and determining the rotation center of low level cloud through the animated images has a relatively high accuracy [23] . The cloud scene type is automatically determined by Advanced Dvorak Technique (ADT) on the Web-Based Typhoon Analysis System developed by NMSC/KMA and, later, manually adjusted by using DVTS (subjective Dvorak technique). Most typhoon operation agencies from other countries also decide the cloud type of TC by using ADT and DVTS.
The determination of the PI was performed following the Accuracy of Center (ACC) mensuration in the manual. The ACC represents a range that includes about 90% of the estimated multiple center positions, which was used as the PI. Figure 5 shows an example where the PI and the location of the TC center have been obtained using infrared and visible imagery for the same time as that in Figure 4 . The cloud type for the corresponding time exhibited a band pattern. The middle of the line that connects the head of the band to the warm sector ending point was determined as the TC center position, and the smallest circle that is determined by the curvature of the band axis was given as the PI.
Microwave Image Analysis.
Microwave images are difficult to use for real-time analysis because of the lag in acquisition time, but they have the greatest utility during the postanalysis because there is no spatial limitation and the TC internal structure, which is difficult to analyze using only infrared/visible images, can be easily examined. However, it is necessary to analyze each wavelength band during microwave image analysis.
High frequency band images generally have good resolution, but the range of the TC eye is wide and the parallax error is large because the observation is made at a high altitude. In contrast, for low frequency band images, the parallax error is small, and the range of the TC eye is narrow because the observation is made at a low altitude. However, the range of the TC eye is unclear. Therefore, by comparing between high and low frequency band images, a more accurate analysis of the location of the TC center can be made. The TC center position and the PI estimation method are different depending on the cloud type, which is similar to the visible/infrared images, and it is performed in the following order: (1) cloud type selection, (2) center position analysis, (3) PI analysis for each wavelength band, and (4) PI adjustment through comparison. For the microwave images, there is a "TC eye analysis size" measurement method, which was determined as the PI, and has the same meaning as in ACC.
When the image results are different at a specific frequency band, the PI of a low frequency band image with a small parallax effect is determined. If the results are unclear, a final decision is made based on the high frequency band image. When there is no microwave image for a specific analysis time, the PI is determined from a simple interpolation of the data taken at the closest time. For a detailed analysis, refer to the "tropical cyclone analysis method using microwave satellite images [15] ." Figure 6 shows examples where the PI and the TC center position have been obtained using a microwave image for the same time as that in Figure 4 , which represent the 91 GHz and 37 GHz images, respectively. (b) Figure 6 : The same as Figure 5 , but with respect to microwave imagery: (a) 91 GHz and (b) 37 GHz. Solid circle means the optimal PI. The schematic diagram on the bottom left shows estimation of a TC center and eye analysis size (or a range similar to PI) of a band pattern cloud and was excerpted from the manual.
The center position and the PI were determined by comparing the cloud area of low luminance temperature in the 91 GHz image and the cloud area of high luminance temperature in the 37 GHz image. In the case of sea surface wind data, the center of rotation was defined as the position of the TC eye, and the circle whose diameter is the long axis of the smallest circle determined by the curvature was defined as the PI. Sea surface wind data are generally useful for the analysis of TC intensity and strong wind radius, but when the intensity is weak, the accuracy of the center position analysis is low, and thus it is desirable to compare it with other satellite images (e.g., visible, infrared, and microwave images) [24, 25] .
Radar Image Analysis.
Radar images are highly useful and have higher temporal and spatial resolution than satellite images. However, when the TC rotation structure is collapsed or a TC is very close to radar, it is difficult to perform a TC center analysis. The images that are necessary for postanalysis are the corrected reflectivity (CZ) and radial velocity (VR). Postanalysis is performed by adjusting the center position and the PI by comparing them. There are also various TC center determination methods (e.g., dual wind field, vertical cross section, and echo top); and for a detailed analysis method, refer to the "Radar-based typhoon tracking and monitoring [16] ".
The PI was defined as a circle whose diameter is the long axis of an empty area where a radial velocity line of 0 passes and there is no echo. When there was a difference between other radar images, the PI was defined as a circle whose diameter is the long axis of the smallest circle. Figure 7 shows an example of the analysis of the PI and center position using radar images. Figures 7(a) and 7(b) represent the radial velocity and echo top synthetograph, respectively. For the same time as that in Figure 4 , the typhoon stayed outside the range that is covered by radar. Thus, the analysis results for the time when Typhoon DANAS had been close to Jeju Island (06 UTC, October 8, 2013) were presented.
Synoptic Observation Data Analysis.
The telegram data received through GTS are mostly direct observational data and includes synoptic and ship observations. They have high accuracy but are relatively sparse. Thus, the PI is estimated following the center position determination method based on wind and sea level pressure in the "Typhoon Committee Operational Manual [19] ".
The PI determination method includes the inflow angle method, the circular center method, and the distance intersection method, which are chosen depending on each situation. All of these methods lead to a region where more than three lines intersect, and a circle whose diameter is this region is determined as the PI. If a calculation is possible based on all of the three methods, the smallest circle is used as the PI. Figure 8(a) shows an example where the PI of the typhoon was obtained using the inflow angle method for the same time as that in Figure 4 , and Figure 8(b) shows the schematic diagram of the inflow angle method. However, for the corresponding time, there were relatively few ocean data, and thus an intersection region was not formed as shown in Figure 8(b) . This is an exceptional case in which the PI measurement is impossible, and the corresponding data is excluded. 
Analysis of the Observation Data in Korea.
Observational data in Korea has the highest accuracy because observation networks, both on land and at sea, are densely distributed and thus increase the data resolution. The observations have been standardized, and data are received at five-minute intervals [26] . However, the definite TC positioning could be difficult due to the topography and observation error caused by a typhoon. Thus, the PI is estimated by obtaining the lowest sea level pressure and wind convergence range using sea level pressure and a wind distribution map. Also, The PI is adjusted by tracking the time at which the lowest points of sea level pressure and wind speed have been passed, based on the time series of nearby observation spots. Figure 9 shows an example of the analysis of the PI and center position using the observation data in Korea during the landfall of propose a PI analysis method by using available data and it was meaningful in that it introduced an analysis method for domestic surface observation data even if it was "discussing examples not from three typhoons in 2013.") Figures 9(a) and 9(b) represent the wind vector and sea level pressure distribution, respectively.
Determination of a Best Track
In Stage 3 (optimization), all of the TC center positions and PIs estimated for each data in Section 4 are expressed in one chart. Subsequently, the minimum range where the PIs overlap is determined as the optimal PI, following the method mentioned in Section 3.1. Figure 10 shows the overlapping of the PIs obtained through the valid interval, visible images, and microwave images obtained in Section 4, and the shaded range represents the optimal PI. Therefore, Advances in Meteorology the radar images and synoptic observation data were excluded because estimation of the PI was impossible. In Stage 4 (smoothing), smoothing among TC center positions is performed for each analysis time and in principle, smoothing is conducted within the PIs. Consistency is checked by overlapping the smoothed center position with the synoptic condition, cyclone tracking on a weather map, and steering current. The final best track is determined by adjusting within the PIs. Until Stage 3, the PI center is possibly the best track. However, in Stage 4, after smoothing and consistency checking, the final best track may not be the PI center. Smoothing is a process in which three TC centers are used to create a natural route and the final TC center may not correspond to the PI center. And in the latter step (consistency checking), an overall adjustment stage, only the minimum subjective decision of the analyst is allowed. This counters errors in automatic analysis, and so forth.
To simply verify the best track obtained by the method suggested in this study, differences in the locations between the real-time analysis for the postanalysis period of Typhoons LEEPI, KONG-REY, and DANAS and the best tracks from JTWC and RSMC are obtained as shown in Figure 11 . Here, K (B-O), K-R, and K-J represent the differences in the distance between the best track calculated in this study and the KMA real-time analysis, RSMC best track, and JTWC best track, respectively; and R-J represents the difference in the distance between the best tracks of RSMC and JTWC. The thick bar represents the maximum and average differences in the distance between the best tracks for the entire intensity including tropical depression, and the thin bar represents the maximum and average difference in the distance between the best tracks at the tropical storm or more intensity (the maximum wind speed near the center is more than 17 m/s). To determine the difference between the TC center positions, a method that obtains the latitudinal and longitudinal distances between two spots using the haversine formula equation suggested by Chang et al. [3] was used. To calculate the best track, the TC center position was adjusted by about 30 km on average (tropical storms or above) and by up to about 100 km (total) after the postanalysis, based on the difference from the realtime status analysis. Except for Typhoon LEEPI, the cases that did not exhibit a tropical depression showed a smaller difference between the real-time status analysis and the best track for each institution compared to those cases that include tropical depression, which indicates that the uncertainty of the analysis was large in the case of tropical depression with a relatively low intensity. Also, the typhoon that showed the maximum difference (94 km) from the real-time analysis at a tropical storm or more intensity was Typhoon LEEPI, and the corresponding time was at 00 UTC, June 19, 2013. The postanalysis for this was described in Section 4. Realtime analysis was performed using only visible and infrared images, and two convection cells were dispersed and the low level circulation center was not clear as shown in Figure 5 . Thus, the middle of the two cells at that time was determined as the TC center. However, based on the analysis of the microwave images obtained later, the TC center position was adjusted toward the north compared to that in the realtime analysis, as shown in Figure 6 . Thus, there was a large difference from the real-time analysis. Both the average and maximum differences between the best tracks of the three institutions (KMA, JTWC, and RSMC) were in the following order: KMA-RSMC < KMA-JTWC < JTWC-RSMC. The average differences between Korea and other institutions for all of the typhoons were less than 30 km (the maximum value was 78 km between KMA and RSMC for Typhoon KONG-REY), which was smaller than the differences between JTWC and RSMC (the average was less than 41 km; the maximum value was 119 km between JTWC and RSMC for Typhoon KONG-REY). This difference was much smaller than those in the results of Song et al. [27] and Lowry [4] , which compared the differences in the position between the best tracks of each institution over a long period (more than 50 years), indicating that relatively stable results could be obtained. Figure 12 compared best tracks calculated based on the postanalysis and best tracks of JTWC and RSMC. Optimal PI of every 6-hourly point (different analysis time) was presented in two shades. In WMO [19] , the uncertainty in the distance from the center is expressed as good (below 55 km), fair (55-110 km), and poor (above 110 km) depending on the radius from the TC center. In this study, the different shades of colors were used to describe the radius of PI. The periods with large PI include the initial stage of TC development, the weakening stage [5] , and the period of interaction with the land [6] . These were similar to the periods where TC position analysis had been relatively difficult in previous studies. Also, the difference between the best tracks was generally large in the initial stage of development and the weakening stage, except for around 00 UTC, June 9, when Typhoon LEEPI was active. Therefore, the optimal PI proposed in this study can mean accuracy in postanalysis, and (as explained in Figure 2 and Section 3.1) the typhoon center location determination may be reasonable, from the perspective of probability.
Summary
In this study, a postanalysis method was proposed to obtain a reasonable calculation of a best track. The postanalysis process was designed into five basic stages: database, potential interval, optimization, smoothing, and metadata. Furthermore, the analysis methods for each stage were introduced. In Stage 2 (potential interval), we introduced the "potential interval," which is the minimum unit for adjusting the TC center position, and a method for obtaining this using the existing analysis method for each data was suggested. In Stage 3 (optimization), the optimal PI was obtained based on the differential application of the range depending on the reliability of the data (i.e., intersection of PIs depending on the priority). This expresses the uncertainty of the data and also serves as a guide for smoothing. Figure 13 shows the schematic diagram of the best track determination suggested in this study. The level represents the reliability of the data, and higher priority is placed as the level increases. This flowchart will be the basis of the best tracking system developed by KMA, and the system will be designed so that the PI can be automatically established following the analysis method for each data. The method using PIs, which was introduced in this study, can reduce uncertainty of best tracks but involve a large quantity of analysis data and complex process, requiring a significant amount of time. Therefore, it is necessary to reduce analysis time by using an automated process for determining the cloud type, PI, and TC center, and the results will not vary much between different analysts.
Furthermore, we are planning to build the system so that the analyst can manually adjust results that were automatically produced (by using consistency check in Figure 13) . Therefore, the automated process is only intended to reduce analysis time and produce reliable results and does not exclude final subjective decisions. In other words, this system minimizes subjective decision made by the analyst.
For verification, test calculations of the best tracks of three typhoon cases that had affected Korea in 2013 (LEEPI, KONG-REY, and DANAS) were performed following the suggested postanalysis method, and the results were compared with those of JTWC and RSMC. As a result, the region with a relatively wide range in optimal PI was consistent with the period where determination of the low level circulation center was difficult, and it was also similar to the period where the difference between the best tracks was large. Moreover, the difference in the best track from the other two institutions was small, indicating that unless jagged data could be obtained.
However, for all of the aforementioned cases, the typhoon did not make landfall in the Korean Peninsula, and thus the use of ground observation data with high accuracy was small. Also, as aircraft observations were not included, a complete verification was difficult. Nevertheless, this study proposed a method that determines an optimal TC center position considering uncertainty when data are insufficient or determination of the center position is difficult. This postanalysis process is necessary because a TC spends most of its life on the sea or cases with poor visibility are common.
For the postanalysis of the intensity and size of a typhoon, the five basic stages suggested in this study are also applied. However, as there are differences in each major analysis data, it is necessary to design a detailed process considering this as shown in Figure 13 . Currently, the KMA is developing a method that expresses the reliability and uncertainty of the data for each analysis element and is planning to officially produce best tracks from 2016 through the operation of a system using the developed method. In that sense, the typhoon positioning is at the important preliminary step for the production of the formal best track data with typhoon intensity.
